To determine age-specific seroprevalence rates of hepatitis A virus (HAV) immunoglobulin G (IgG) antibody in Savadkuh district, Mazandaran province, north of Iran, as well as to compare the collected data with earlier seroprevalence studies in the region and Iran in order to draw a proper epidemiological pattern for HAV infection in the country. Objectives: This study aimed to assess an age-specific HAV seroprevalence among 1-to 30-yearold people in Savadkuh, a less developed district of Mazandaran province, north of Iran.
Background
Hepatitis A virus (HAV) is an enterically-transmitted infection and leading cause of acute viral hepatitis throughout the world (1, 2) . Epidemiologically, various geographical distribution of HAV infection exists that correlates closely with hygienic and sanitary conditions and other development indicators (3, 4) . Clinical expression of HAV infection is highly age dependent and is minimal in children (1) . Children play an important role in HAV transmission. Distribution of anti-HAV antibody seroprevalence over age groups can be used as a marker for HAV epidemiologic pattern and viral transmission through a community (4, 5) . Declining seroprevalence rate in a population, particularly in children, is an indicator to reduced incidence of HAV (1, 4) . Many seroepidemiological findings revealed that a transition to lower rates of infection occurred in many hyperendemic countries within past two decades where their economic status improved (1, 6) . In this situation, clinical manifestation of hepatitis A is likely to become a more serious problem in these countries. HAV infection could be prevented by immunization, and HAV vaccine may be used for pre-and post-exposure prophylaxis. Cost and feasibility are two major barriers to implementing HAV vaccination programs in these countries. Types of preventative strategies depend on epidemiologic characteristics of HAV infection and other vaccine-preventable diseases in any given country (7, 12) .
In Iran, no proper periodic and age-specific seroprevalence data are available nationwide and exact epidemiological characteristics of HAV infection are unknown. Results of earlier seroprevalence studies on different populations in the country suggested a hyperendemic pattern (13) (14) (15) (16) . However, data collected in some recent studies demonstrated lower rates of infection especially among children (17, 21) .
Objectives
This study aimed to assess an age-specific HAV seroprevalence among 1-to 30-year-old population in Savadkuh, a less developed district of Mazandaran province, north of Iran. Also, in order to determine epidemiological characteristics of HAV infection in Mazandaran and over the country and to plan the most appropriate preventative strategies, relevant articles previously issued in Iran were reviewed.
Patients and Methods
This cross-sectional seroepidemiological study was conducted in Savadkuh district, Mazandaran province, north of Iran. Savadkuh is a less developed mountainous area of Mazandaran with 70,000 inhabitants, equally distributed between rural and urban areas. Its population density is 33/km 2 compared to 140/km 2 in Sari district, the capital of province. A river passes through almost all parts of the district. Act of agriculture is the main occupation of residents. In four regions, urbanization infrastructures were encouraged and more people moved to these regions known as city of Savadkuh.
Target population consisted of healthy 1-to 30-year-old residents of Savadkuh. Random cluster sampling was used to enroll required samples, which was proportional to the number of inhabitants in each area. Sample size calculation was performed based on a prevalence of 0.20 % with 0.025 precision and 95 % confidence interval which yielded a total 983 individuals. Epidemiologic data were collected from a questionnaire including age, sex, place of residence, educational levels of parents and adults, source of water supply, and method of waste water and sewage disposal. Based on education levels of adults and parents, the subjects were allocated into either of the following groups: I: illiterate-primary school, II: Junior secondary school, III: Senior secondary school and diploma, and IV: University educated levels. Also the participants were divided into five age groups: 1-2.9, 3-6.9, 7-10.9, 11-17.9, and 18-30 years. Study protocol was approved by the Ethics Committee of Mazandaran University of Medical Sciences. After written consent was obtained from parents and adults, blood samples were drawn. Sera were tested for anti-HAV antibodies using a qualitative ELISA method [HAV-Ab, DIA, Pro Diagnostic, Milano, Italy] according to the manufacturer's instructions. The results were reported as positive or negative.
A descriptive analysis was followed by univariate analysis Carrying out qui-squared test to compare various subgroups with a 5% statistical significance levelOdds ratio and 95% confidence interval (CI) were calculated and presented for variables associated with risk of infections.
To determine epidemiological trends of HAV infection in Mazandaran and Iran, almost all relevant studies in Persian and English published in SID, Iran Medex, MED-LINE, Google, and Yahoo websites and containedkeywords HAV, Hepatitis A, HAV seroprevalence, HAV seroepidemiology, Mazandaran, and Iran were reviewed.
Results
All 984 individuals were enrolled in the study. The age groups and sex distribution, sites of residence, access to piped-water, and hygienic facility systems are shown in Table 1 . As shown, there were no significant differences between rural and urban dwellers in regards to age, gender,
Age-Specific Seroprevalence of Anti-Hepatitis A Antibody and access to piped drinking water. In both areas (rural and urban), almost all households were employing enclosed defecation system but without any centralized waste water and sewage disposal systems. Table 1 presents educational levels of the sample. The educational levels of parents and adults among urban dwellers were significantly higher than those of rural counterparts. The overall anti-HAV seroprevalence rate was 19.20 % with no statistically significant difference between urban and rural residents (18.4 % vs. 20.1 %, P = 0.4, OR = 0.89, CI: 0.65 -1.23); Table 2 . The seroprevalence rates increased significantly with age: from 5.7% in age group 1-2.9 year to 34.8% in adolescents, and to 68.4 % in young adults (P < 0.0001); Table 2 . However, other variables including place of residence, educational levels, water supply, and waste water and sewage disposal systems did not influence anti-HAV antibody seroprevalence rates among rural and urban residents.
Reviewing published articles revealed that there were no proper periodic and age-specific seroepidemiological data available from Iran and most studies have reported hyperendemic patterns in their respective areas (Table 3) . However, comparison between some similar older and more recent seroepidemiological studies from Mazandaran and Iran suggests a shifting pattern from high anti-HAV antibody seroprevalence to lower rates of seroprevalence (Figure 1 ).
Discussion
Current findings showed that the majority (> 65 %) of older children and adolescents remained susceptible to HAV infection. Although the education levels (as a known risk factor for HAV infection) of parents and young adults living in urban areas were significantly higher than those of rural, the seropositive rates were not statistically different between rural and urban residents (P = 0.4). These discrepancies may be explained by higher educational levels of employees working in the urban infrastructures, otherwise most other important risk factors influencing HAV transmission in a community (access to clean water, waste and sewage disposal systems, living habits and culture) were similar between residents of two studied 
areas.
The first published HAV epidemiological report from Mazandaran was an age-specific seroprevalence study in 1997 conducted among 1-to 15-year-old children in Sari, capital of Mazandaran province (15) . In that study high prevalence rate (87 %) of HAV infection were reported: 74.7 %, 86.7 %, and 90.6% in 1-5, 5-10, and 12-15 years old subjects, respectively. Also, hyperendemic pattern was confirmed by other studies in some special high risk groups, older children, and adults in the region (22) (23) (24) . However, results of a recent age-specific seroepidemiological study among 1-25-year-old population (17) demonstrated a lower infection rate especially among children, i.e. 8 %, 20 %, and 64.8 % in < 5, 5-15 and 15-25 years old individuals, respectively. When this finding was compared with data reported by earlier published studies from the region (15, (22) (23) (24) (Figure 2A) , results may suggest a declining rate of HAV infection as well as a transition to a less prevalent pattern of HAV infection. Our study findings also conforms to this concept and indicates an epidemiological shifting in Mazandaran province.
It is not easy to determine the epidemiological characteristics of the HAV infection in Iran due to lack of a nationwide database (HAV is not a reportable infection/ disease except in cases of outbreaks). WHO ranked Iran among areas of high prevalence of infection with a seroprevalence of > 90 % at 10 years of age (6) . Until 1996, there was only one study published from Iran about HAV infection characteristics (25) . From 1997 to 2000, few scattered age-specific HAV seroprevalence studies were performed in some parts of the country (13) (14) (15) (16) . Results of these studies suggested high prevalence rates of infection: 80 %, 74.7 %, 33 %, and 37 % seroimmunity levels in children < 5 years old from Zabol (16) Sari (15), Tehran (14) and Shiraz (13) , respectively. These rates were increased to 100%, 90.6%, 68%, and 76% on the age of 10-15 years in those cities, respectively. Later to 2000, several seroepidemiological studies were carried out in different populations living in some parts of the country (17) (18) (19) (20) (21) (22) (23) (24) (26) (27) (28) (29) (30) (31) (32) (33) . Results, however, were not uniform. High prevalence rates have been reported from Ahwaz (33), Hamedan (31), Tehran (14, 28, 34, 35) , Hormozgan (30) , Golestan (17, 27) Figure 2 ). These results may implicate an epidemiological transition to lower rates of infection in some parts of the country. During past two decades, many countries in the Middle East (37) (38) (39) (40) (41) and Asia (42, 43) experienced major improvement in socioeconomic status associated with urbanization, health education, access to clean drinking water, improved sanitation, and life style. Such improvements have been observed in Iran as well (44) . This pattern may reduce the rates of HAV circulation in the community especially among children, and as a result more children and adolescents remained susceptible to infection dur- HAV is a preventable infection by immunization. Several HAV vaccines are available that are highly effective and provide long-lasting protection above 1-2 years of age, (1, 2, 4, 7, 8, 10, 11) . Cost and feasibility are two major barriers of public implementation of HAV vaccination (4, 7, 8, 47) . Recommendation on usage of HAV vaccine (7), and experts (8, 10, 11) on HAV vaccine emphasize on cost-benefit (47) and sustainable preventative strategies in the context of other priorities such as other diseases, and their morbidity and mortality in any given countries. Consequently, large-scale and public vaccination programs applicable in hyperendemic developing countries are not recommended. In hyperendemic countries that undergoes a lower rates of infection or intermediate endemicity, or where a large proportion of adolescents and adults remain susceptible to HAV infection and clinical hepatitis A represent a significant public health burden, large-scale childhood vaccination or targeted vaccination may be considered as a supplementary plan to health education and improved sanitation. As part of this decision process, the public health impact of HAV infection should be weighed against the impact of other vaccine-preventable infections and other preventative strategies.
In conclusion, according to the current findings and those obtained from literature review it seems that HAV epidemiology is changing in Mazandaran and Iran, and prevalence patterns are shifting to lower rates of endemicity. However, to make the most appropriate decision for pre-and post-exposure preventative strategies, periodic nationwide seroprevalence studies associated with active surveillance of clinical hepatitis A burden on public health are recommended. Until these happen, improving sanitation and health education along with targeted prophylaxis -if feasible -as a strategy for control HAV infection in Mazandaran and Iran seems to be more appropriate.
